Abstract Highly porous hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 , HA) was prepared through hydrothermal (HT) transformation of aragonitic cuttlefish bones (Seppia Officinalis L. Adriatic Sea) in the temperature range from 140°C to 220°C for 20 minutes to 48 hours. Mechanism of hydrothermal transformation of bones was investigated by DTA/TG analyzer coupled online with FTIR spectrometric gas cell equipment (DTA-TG-EGA-FTIR analysis), X-ray diffraction analysis (XRD) and scanning electron microscopy (SEM). DTA-TG-EGA-FTIR analysis have shown the release of CO 2 at about 400°C, 680°C and 990°C. The first release could be attributed to organics not completely removed from the heat treated bones, and the second release to decomposition of unconverted aragonite, whereas, the third one could be attributed to CO 3 2-groups incorporated in the structure of HA. The interconnecting porous morphology of the starting material (aragonite) was maintained during the HT treatment. The formation of dandelion-like HA spheres with diameter from 3 to 8 µm were observed, which further transformed into nanoplates and nanorods with an average diameter of about 200-300 nm and an average length of about 8-10 µm.
Introduction
Hydroxyapatite (HA) is being extensively used as bone grafting material in hard tissue implants and as material for bone-tissue engineering applications, due to its excellent biocompatibility and osteoconductivity [1] . Non-medical applications of porous HA ceramics include packing media for column chromatography, gas sensors, catalyst and host materials [2] . The most of the synthetic HA is stoichiometric with chemical composition Ca 10 (PO 4 ) 6 (OH) 2 . By contrast, HA prepared from natural sources, which primarily include corals, nacres, animal bones, exoskeletons etc. is non stoichiometric, and have other ions incorporated, mainly CO 3 2-, trace of Na + , Mg 2+ , Fe 2+ , F -, Cl - [3] . CO 3 2-containing HA has gained much attention as it can be more easily resorbed by the living cells in comparison with stoichiometric HA, and therefore it leads to faster bone regeneration.
CO 3 2-can be substituted for either OH -(A-type) or PO 4 3-(B-type) groups in the structure of hydroxyapatite. Sometimes, both A-type and B-type substitutions can also occur [4] . Several attempts to convert natural aragonite structures (e.g. corals, nacres, etc.) hydrothermally (HT) to hydroxyapatite have been reported [5] [6] [7] [8] [9] . The reaction sequences in hydrothermal systems are complex and in most cases the information regarding the course of reactions is only partial. Various mechanisms of transformation of CaCO 3 into HA are assumed in literature. The ability of fast transformation of natural aragonitic (CaCO 3 ) structure into HA, even at room temperature, has been shown by Ni et al. [10] . Rocha et al. [7] [8] [9] were the first one who performed the hydrothermal transformation of aragonitic cuttlefish bones into HA. The inorganic part of cuttlefish bone (also called cuttlebone) is a lamellar mineralized porous structure of aragonite. Its highly channeled structure favors the diffusion of the reaction solution towards the aragonite and its fast transformation into HA. Zaremba et al. [11] studying the aragonite transformation in gastropod (abalone) nacres suggested dissolution-recrystallization mechanism of the HA growth, whereas Yoshimura et al. [12] , proposed dissolution-precipitation mechanism followed by nucleation and growth of HA on the surface of calcite (CaCO 3 ). According to Jinawath et al. [13] , aragonite in porites was initially transformed into intermediate CaHPO 4 (DCPA) at pH~2-4, which at pH>6 transformed into HA. The authors also proposed dissolution-recrystallization mechanism as driving force for hydroxyapatite growth.
The aim of this work was: to study the transformation mechanism of aragonitic cuttlefish bones into HA in the dependence of temperature and time of hydrothermal treatment. Incorporation of CO 3 2-groups into HA structure has been studied by DTA-TG-EGA-FTIR analysis.
Materials and methods
The starting materials were pieces of native cuttlefish bones ( probably because of a greater amount of carbonate ion incorporated in HA structure [16] . Accordingly, the same explanation could be valid for our results too. In general, there are two types of CO 3 2-substitutions in apatites; the substitution at the OH -site (A-type) and at the PO 4 3-site (B-type) [17] which is reflected on the FTIR spectra.
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